To evaluate the suitability of biodegraded organic waste for soil fertilisation, an experiment aimed at determining the amounts of total nitrogen, total phosphorus and heavy metals contained in this waste and determining its pH was carried out. Organic waste used for research consisted of mixes of meat waste (MW) with green waste (GW) and meat waste (MW) with sewage sludge (SS) in proportion 3 : 1, 1 : 1 and 1 : 3. MW and SS (1 : 3) mixture was found to be the most suitable organic fertiliser to remediate exhausted soils and usedup areas. This mix was determined to contain the biggest contents of nitrogen and phosphorus, 4.89 mg/kg and 227.0 mg/kg respectively. Heavy metal concentrations were also found the highest among the researched cases, however they did not exceed the maximum permissible concentration (MPC) in soil when fertilized with sludge. The concentration of chromium amounts to 1.05 mg/kg, that of zinc -15.73 mg/kg, lead -7.74 mg/kg, copper -29.88 mg/kg and nickel -11.05 mg/kg. MW and SS (1 : 3) mixture is mostly suitable for the fertilisation of acid soils, because its pH value was 6.8.
INTRODUCTION
Nowadays increasing amounts of generated waste are one of the most important environmental problems. Biodegradable waste accounts for more than 50% of municipal waste (Brazas, 2008) . EU Directive 1999 / 31 / EC lays down the requirement to reduce volumes of waste disposed of in landfills. Anaerobic digestion of waste in bioreactors is one of the most promising techniques to convert biowaste into alternative energy and still obtain a fertiliser (Gunaseelan, 1997; Results..., 2004). It also helps to a certain extent deal with the problem of unpleasant odours. Unpleasant smelling hydrogen sulphide evolved during biodegradation is removed from the gas before it is supplied to the users (Stankevičiūtė et al., 2007) and therefore its content in treated organic waste is already low.
Treated organic waste contains biodegraded organic waste that could be used for soil fertilisation but it has to comply with the requirements for nitrogen, phosphorus, potassium and heavy metal contents in it, as well as the level of pH.
Nitrogen is vital for plant growth. Plants draw nitrogen almost only via their roots from soil and its main sources are ammonium and nitric acid salts (Tognetti et al., 2007) . Consequently, plants faster assimilate nitrate nitrogen, whereas ammonia nitrogen becomes more accessible to plants only after the process of nitrification is completed, i. e. when nitrogen is converted into nitrate nitrogen (Piaulokaitė-Motuzienė, Končius, 2007) . However, this form of nitrogen is rapidly leached out and therefore plants have to be fertilised (Liang, 1994) .
Even though nitrogen is a fertiliser but upon accessing ground waters it can pollute them (Keeney, 1989) and therefore its content is soil is limited when fertilising it with sludge. The content of nitrogen in soil is regulated by LAND 20-2005 "Requirements for Sewage Sludge Usage for Fertilisation and Remediation". According to the LAND requirement, the maximum rate of fertilisation with sludge should ensure that soil is accessed by no more than 170 kg/ha of nitrogen per year.
Phosphorus is also very important for plant growth. Since 98-99% of phosphorus that accesses soil is not leached out, even upon applying bigger amounts of the phosphoric fertiliser, plants can take its excess later. The amount of phosphorus in soil is regulated by LAND 20-2005 Soil acidity also has a big effect on the quantity of microorganisms (Piaulokaitė-Motuzienė et al., 2004) . Soils with the pH indicator lower than 5 nearly do not contain any bacteria introducing atmospheric nitrogen (except for lupinus tuberous bacteria). Acid soils also contain smaller quantities of other bacteria and slower degradation of plant residues, which results in worse nutrition of plants (Piaulokaitė-Motuzienė et al., 2005) . If plants do not receive necessary nutrients, they are weak, less resistant to diseases and pests (Aplinkosaugos …, 2008).
Pursuant to LAND 20-2005 "Requirements for Sewage Sludge Usage for Fertilisation and Remediation", the use of all types and categories of sludge in agriculture is prohibited where the soil pH is < 5.5.
To evaluate the suitability of biodegraded organic waste use for soil fertilisation, an experiment aimed at determining the contents of total nitrogen, total phosphorus and heavy metals (Cr, Zn, Pb, Cu and Ni) in this waste and measuring the pH indicator was carried out.
RESEARCH METHODS
The research determines the level of nitrogen and phosphorus, the key elements ameliorating the properties of infertile soil, that of heavy metals in a biologically treated substrate as having negative effect on soil and plants, as well as the pH indicator of the treated substrate. The experiment was carried out under laboratory conditions.
Organic waste used for the experiment consisted of green waste (GW) and sewage sludge (SS) mixed with meat waste (MW) at the ratios of 3 : 1, 1 : 1 and 1 : 3 in volume. Prior to the experiment, a substrate, containing 10% of substrate mass of its total mass, was prepared. Organic waste was digested under psychrophilic conditions (22 ± 2 °C) in anaerobic bioreactors. Organic wastes were mixed twice a day. Afterwards the waste was kept under anaerobic conditions in a bioreactor for 60 days plus one day was allowed for it to settle. The mixture that remained after pouring off the filtrate was mixed up and 1 litre (5 mixed samples 0.2 l each) of the organic waste was taken for the analysis.
The total nitrogen was determined according to The concentrations of the most frequent basic heavy metals whose amounts are regulated by certain documents were determined. The concentrations of heavy metals (Cr, Zn, Pb, Cu and Ni) were determined according to LST ISO 11047 : 2004 (based on the measurements of the element's concentration in an extract of the sample treated with royal vodka using the flame atomic absorption spectrometry).
pH values of the treated organic waste were measured with a pH-meter.
The results of all the experiments were presented as an average value derived from three established values of the measured parameter. Values that differed from the other two values by more than 30% were excluded.
The results were evaluated statistically with the Excel program. Error of measured total nitrogen is ± 0.12 mg/kg, total phosphorus ± 0.1 mg/kg, heavy metals ± 5% and pH ± 0.1. Error of each average value is shown as a range in the Figures.
RESULTS AND DISCUSSION
Nitrogen is one of the main biogenic elements contained in soil necessary for plant growth. Fig. 1 shows the total nitrogen concentration and error of the measured values in the anaerobically digested substrates. The highest content of nitrogen was recorded in biodegraded MW and SS mix (1 : 3), i. e. 4.89 ± 0.12 mg/kg, and the lowest in MW and GW mix (1 : 3), i. e. 3.80 ± 0.12 mg/kg.
Research carried out in Lithuania and other countries shows the dependence of agricultural plant yield and nitrogen fertiliser efficiency on the content of mineral nitrogen in soil (Mattsson, 1990; Lazauskas et al., 1996) . Considering this, more nitrogen fertilisers are necessary for plants in soils with a lower nitric content, whereas with the nitric content in soil increasing, the quantity of the fertiliser has to be reduced (Mattsson, 1990; Lazauskas et al., 1996) .
It is most expedient to apply biodegraded MW and SS (1 : 3) on infertile soils or land areas under remediation where the biggest amount of nitrogen is required because the highest concentrations of total nitrogen were found in biodegraded MW and SS (1 : 3) mix (Fig. 1) .
In areas filled with perennial graminaceous plants there is about 8 mg/kg of mineral nitrogen, in areas with winter wheat and arables -more than 5 mg/kg (Šileika, 2003) . It is obvious that the researched substrates are not rich in nitrogen, so they could be used exceptionally for arables fertilization where most of mineral materials are migrated or leached. Bučelienė et al. (2003) found that concentrations of total nitrogen varied from 1.52 mg/kg to 2.27 mg/kg in Graisupis watershed.
Upon expressing the total nitrogen concentration in anaerobically digested substrates in percent and equating the maximum concentration in MW and SS (1 : 3) with 100%, the total nitrogen concentration in other substrates was found to be equal to: 91.4% in MW and SS (1 : 1), 79.3% in MW and SS (3 : 1), 86.5% in MW and GW (3 : 1), 80.0% in MW and GW (1 : 1), 77.7% in MW and GW (1 : 3).
Phosphorus is another important biogenic element necessary for plants. The 2003) found that concentrations of phosphorus were rather high and varied from 113 mg/kg to 135 mg/kg in Graisupis watershed. Consequently, it is most expedient to apply biodegraded MW and SS (1 : 3) mix on infertile soils or land areas under remediation where the biggest amount of phosphorus is required (Fig. 2) .
A biodegraded MW and GW (1 : 3) substrate with a lower content of phosphorus can be applied on soils where the deficiency of phosphorus is less.
Upon expressing the total phosphorus concentration in anaerobically digested substrates in percent and equating the Excessive amounts of trace elements do harm to all live microorganisms and therefore the reduction of heavy metal concentrations is very important. The discussion of the obtained experimental findings concerning heavy metal concentrations in an anaerobically treated substrate covers their comparison with the MPC regulated by LAND 20-2005 .
The analysis of chromium concentration in the mentioned digested substrates shows that the treated MW and SS (1 : 3) mixture contains the highest concentration of chromium, i. e. 1.05 ± 5% mg/kg of a dry mass, whereas the lowest chromium concentrations are MW and GW mixes, i. e. 0.07 ± 5% mg/kg (3 : 1), 0.08 ± 5% mg/kg (1 : 1) and 0.11 ± 5% mg/kg (1 : 3) of a dry mass, respectively. Background concentration of chromium in Lithuanian sandy and loamy soil is 7 mg/kg and 10 mg/kg respectively (LAND (Fig. 3) .
The The analysis of zinc concentration in the mentioned digested substrates shows that the treated MW and SS (1 : 3) mix contains the highest concentration of zinc, i. e. 15.73 ± 5% mg/kg of a dry mass, whereas the lowest zinc concentrations are found in MW and GW mixtures, i. e. 2.68 ± 5% mg/kg (3 : 1), 3.02 ± 5% mg/kg (1 : 1) and 4.11 ± 5% mg/kg (1 : 3) of a dry mass, respectively. Background concentration of zinc in Lithuanian sandy and loamy soils is 20 mg/kg and 30 mg/kg respectively (LAND (Fig. 4) .
Thus, the situation is similar to the previous analysis on chromium concentration -a larger content of zinc was determined in treated sewage sludge.
The Lead is another crucial heavy metal whose content in soil has to be controlled.
The analyses of lead concentration in the mentioned digested substrates as in above described cases shows that the treated MW and SS (1 : 3) mix contains the highest concentration of lead, i. e. 7.74 ± 5% mg/kg of a dry mass, whereas the lowest lead concentrations were present in MW and GW mixtures, i. e. 0.68 ± 5% mg/kg ( The analysis of copper concentration in the mentioned digested substrates shows that the treated MW and SS (1 : 3) mix contains the highest concentration of copper, i. e. 29.88 ± 5% mg/kg of a dry mass, and the lowest copper concentrations are found in MW and GW mixes, i. e. 5.26 ± 5% mg/kg (3 : 1) of a dry mass, respectively. Background concentration of copper in Lithuanian sandy and loamy soils is 8.1 mg/kg and 11 mg/kg, respectively (LAND 20-2005) (Fig. 6) .
The comparison of the MPC of copper and the concentrations in substrates produces the following values: 10.52% (sand / sandy loam) and 6.58% (silt loam / loam) in MW The analysis of nickel concentration in the mentioned digested substrates shows that the treated MW and SS (1 : 3) mix contains the highest concentration of nickel, i. e. 11.05 ± 5% mg/kg of a dry mass, the lowest nickel concentrations are present in MW and GW mixes, i. e. 2.77 ± 5% mg/kg (3 : 1) of a dry mass, respectively. Background concentration of nickel in Lithuanian sandy and loamy soils is 8.1 mg/kg and 11 mg/kg respectively (LAND (Fig. 7) .
The concentration of nickel in soil, like those of other heavy metals, is regulated. As seen in Fig. 7 , when increasing the amount of sewage sludge, concentration of nickel becomes higher proportionally. Oleszczuk (2008) measured concentration of heavy metals in sewage sludge. Concentration of Ni varied from 15.7 mg/kg to 55.5 mg/kg.
Soil quality depends not only on the biogenic elements (nitrogen and phosphorus) analysed in this paper and heavy The research results show that anaerobically treated MW and GW (1 : 3), MW and SS (1 : 1), MW and SS (1 : 3) have the highest indicator of pH, and MW and GW (3 : 1) -the lowest, i. e. 6.8 ± 0.1 and 6.6 ± 0.1, respectively (Fig. 8) .
Regarding pH value, all organic waste researched in this article could be used for acid soil fertilisation. The average pH value of all anaerobically treated organic waste was 6.7. Marschner et al. (2005) found that growth of wheat was the best in neutral soils, lower in the acidic, and poorest in the alkaline soils. Other data showed that increase in soil pH from 4.6 to 6.6 significantly decreased plant dry weight and shoot nutrient content of noninoculated and inoculated seedlings (Aggangan et al., 1996).
CONCLUSIONS
1. The highest contents of nitrogen and phosphorus were determined in anaerobically treated MW and SS (1 : 3) and therefore it is most suitable as an organic fertiliser to remediate exhausted soils and used-up areas. It has been determined that this mix contains 4.89 mg/kg of nitrogen and 227.0 mg/kg of phosphorus.
2. The lowest contents of biogenic elements, nitrogen and phosphorus were determined in anaerobically treated MW and GW (1 : 3) mix, where nitrogen amounts to 3.80 mg/kg and phosphorus to 61.7 mg/kg. Considering the concentrations of nitrogen and phosphorus, this mix is not useful for fertilization.
3. The highest contents of heavy metals were determined in anaerobically treated MW mixtures with SS, where the concentration of chromium amounts to 1.05 mg/kg, that of zinc -15.73 mg/kg, lead -7.74 mg/kg, copper -29.88 mg/kg and nickel -11.05 mg/kg. Taking into account the concentrations of the determined heavy metals, all researched mixes are suitable for land fertilization.
4. The average pH value of all anaerobically treated organic waste was 6.7. Researched mixes of anaerobically treated waste are most suitable for fertilization of acid soils to make them more alkaline.
5. The evaluation of all the analysed parameters of the suitability of anaerobically treated organic waste for soil fertilisation shows that mixture of MW and SS (1 : 3) treated in a bioreactor is most suitable for soil fertilization.
